Abstract. Accurate CCD observations of three Cepheids in the SMC were made with the purpose of confirming their nature of second overtone mode Cepheids. The stars were suspected pulsating in the second overtone mode owing to the unusual light curve and short period reported by Payne-Gaposchkin & Gaposchkin (1966) . The analysis of the new data shows that for two stars the previous periods are wrong, and in the three cases the new light curves are normal. According to the new observations, HV 1353 is a fundamental mode pulsator with small amplitude, and HV 1777 and HV 1779 are first overtone mode pulsators.
Introduction
One of the main by-product results of MACHO and EROS projects is the discovery of many double-mode Cepheids (DMCs) pulsating in both the fundamental-and firstovertone mode (F/1O), and the first-and second-overtone (1O/2O) modes, in the LMC and SMC (e.g. Alcock et al. 1995; Alcock et al. 1997; Beaulieu et al. 1996) . The presence of many 1O/2O DMCs raises immediately the question of the possible existence of Cepheids pulsating purely in the second overtone mode, but up to now none have been found, probably because it is difficult to identify them unambiguously. They should have short periods and should be found preferentially in low metallicity galaxies Send offprint requests to: L. Mantegazza Based on observations collected at ESO-La Silla.
(see e.g. Alcock et al. 1997) . In fact, while many 1O/2O DMCs have been discovered in the Magellanic Clouds, only one of these stars (CO Aur; Mantegazza 1983) was observed in our Galaxy.
The importance of second overtone mode Cepheids relies on their being, among Cepheids, the third possible benchmark for the stellar interior and evolution theory beside fundamental and first overtone mode Cepheids. Recently Antonello & Kanbur (1997) studied the characteristics of these stars predicted by nonlinear pulsation models, and remarked in particular the effects of the resonance P 2 /P 6 = 2 at P 2 ∼ 1 d (P is the period) between the second and sixth overtone mode. Resonances represent a powerful comparison tool between observations and theoretical model predictions, because they affect the shape of the curves of stars in a specific period range, for example P 0 /P 2 = 2 at P 0 ∼ 10 d in fundamental mode Cepheids (Simon & Lee 1981) and P 1 /P 4 = 2 at P 1 ∼ 3 d in first overtone Cepheids (Antonello et al. 1990 ). The close comparison allows to probe the stellar interior and to put constraints on the stellar physical parameters. Recently, Beaulieu (1998) mentioned some possible second overtone candidates in the SMC, and it would be interesting to observe them accurately in order to confirm their nature.
The Magellanic Cloud variables were extensively studied about thirty years ago by C. Payne-Gaposchkin and S. Gaposchkin. One of us (Antonello 1993) used their results concerning the asymmetry parameter of Cepheid light curves for studying the differences between fundamental and first overtone mode Cepheids, and, in the case of the SMC (Payne-Gaposchkin & Gaposchkin 1966), he noted four stars with short period and unusual asymmetry parameter (that is unusual light curve) and indicated them as possible second overtone mode candidates. In the present note we report about the results of new observations of three of these stars: HV 1777, HV 1779 and HV 1353. 
Observations
The observations were obtained with the Dutch 0.9m telescope at La Silla Observatory (ESO) during ten consecutive nights (Oct. 13-22, 1996) by means of a TEK512 CCD with 580 columns and 520 rows (ESO chip #33). Each frame covers a field of view of 3.8 square. The characteristics of the instrumentation are described by Schwartz et al. (1995) . A total of 28, 29 and 30 V frames were obtained for HV 1777, HV 1779 and HV 1353, respectively, with a typical exposure time of 5 minutes. During the last night some R frames were obtained besides the V and R frames at different airmasses of the two standard CCD fields Rubin 149A and SA 98−650 (Landolt 1988) in order to derive standard V and R magnitudes. The frames were reduced in the usual way by means of IRAF packages and using sky flat fields obtained both at sunset and dawn. Measurements were then performed by means of the aperture photometry package APPHOT.
From the observed colours of the 13 standard stars in the two fields we obtained transformation equations which allow to fit the standard colours with rms scatters of 0.009 and 0.007 mag in V and R respectively. Since our aim was to perform differential photometry between our Cepheids and some suitable comparison stars, and to detect other possible unknown Cepheids in the fields, all the brightest objects were measured, that is almost all the stars with V < ∼ 17.5. A total of 19, 9 and 21 stars in the fields of HV 1777, HV 1779 and HV 1353, respectively, were measured. The identification maps are reported in Figs. 1, 2, 3 ; each side is 3.8 .
The three panels of Fig. 4 show for each field the standard deviations of the differential magnitudes with respect to the brightest star versus the standard V magnitude. This figure allows to evaluate the intrinsic accuracy of the measurements. Apart from the three Cepheids there is also a strongly deviating object in the field of HV 1777. It corresponds to the variable HV 1763, detected by Leavitt (1908) , but with unknown period. Table 1 contains times and V magnitudes of the 4 variable stars.
Data analysis
The plots of the data of the three Cepheids phased with the periods given by Payne-Gaposchkin & Gaposchkin 1966) showed immediately that in the cases of HV 1777 and HV 1353 these periods are wrong (Fig. 5, left panels) . Least-squares power spectra (Antonello et al. 1986 ) were computed for the four variables (Fig. 6 ). In these spectra we see typically 3 peaks corresponding to the true period and to its (1d −1 + 1/P ) and (1d −1 − 1/P ) aliases. Indeed we found that the previously known periods of HV 1777 and HV 1353 (marked with an arrow in the figure) are the (1d −1 − 1/P ) aliases of the true ones. The data phased with the correct periods are shown in the right panels of Fig. 5 . In the case of HV 1763 we see that this star has a periodic light curve and that the dominant peak is at 0.47d −1 , and it is partially blended with its (1d −1 − 1/P ) alias. This star is a short-period Cepheid too, a not unexpected fact since its apparent magnitude is very similar to those of the other three Cepheids (see Fig. 4 ). The light curves of HV 1353 and HV 1763 phased according to their periods are shown in Fig. 7 .
The light curves of the three known Cepheids are very different from those reported by Payne-Gaposchkin & Gaposchkin (1966) . This is obvious for HV 1777 and HV 1353, because of the wrong periods, but it is also the case of HV 1353; while Payne-Gaposchkin & Gaposchkin (1966) give a descending branch steeper than the ascending one, the opposite is true according to our data. Table 2 summarizes for each star the periods as obtained from our data, the mean V magnitude, the amplitude and the observed time of maximum brightness.
The adopted formula for the Fourier decomposition was
(1) The Fourier parameters, that is phase differences φ i1 = φ i − iφ 1 and amplitude ratios R i1 = R i /R 1 , are reported in Table 3 , besides the rms residual of the fit. This residual is in good agreement with the accuracies estimated from Fig. 4. 
Discussion
The common characteristics of the four stars is the low amplitude, which can explain the difficulty in obtaining reliable light curves from photographic observations. The light curve of HV 1353 is typical of a fundamental mode pulsator, and this is confirmed by the low order Fourier parameters, which have normal values for SMC Cepheids (Beaulieu & Sasselov 1996) . A possible explanation for the low amplitude of HV1353 is a companion or a background star with comparable luminosity. This would imply also a lower intrinsic luminosity of the Cepheid by several tenths of a magnitude, placing the star well below the continuous line in Fig. 8 ; the unknown reddening could alleviate the discrepancy. Figure 8 shows the position of our stars in the P L diagram, compared with the relation reported by Laney & Stobie (1994, continuous line) valid for fundamental mode pulsators, the relation for first overtone mode pulsators (dotted line) derived assuming a period ratio P 1 /P 0 = 0.70, and the relation for second overtone mode pulsators (dashed line) assuming P 1 /P 2 = 0.80. The magnitudes of our stars, however, were not corrected for reddening and for the SMC tilt effect (Laney & Stobie 1994) .
HV 1777, HV 1763 and HV 1779 have light curves, low order Fourier parameters, periods and amplitudes similar to those of SMC first overtone mode Cepheids with similar period (Beaulieu & Sasselov 1996) , and also the position in the P L diagram confirm the first overtone pulsation of HV 1777 and HV 1763. The position of HV 1779 would be compatible with the second overtone pulsation.
Only one measurement of V − R is available for each star. Taking into account the low amplitude and the phase of the observations, the V −R values for HV 1353, HV 1763 and HV 1779, which are 0.40, 0.27 and 0.27, respectively, should be close to the true mean color value within few hundredths of a magnitude, while in the case of HV 1777 the observation (V − R = 0.26) was made when the star was near the maximum light.
Conclusion
Second overtone mode Cepheids could be discriminated from fundamental and first overtone mode Cepheids by taking into account their period, luminosity, low amplitude and Fourier parameters (Antonello & Kanbur 1997; Alcock et al. 1997) . However, none of the stars analyzed in the present study, and which are characterized by low amplitude, can be discriminated from the other known Cepheid types on the basis of the light curve shape. Only HV 1779 is relatively bright for its period, but this is not a sufficient criterium, since the relatively large luminosity could be explained by other reasons (e.g. a companion or a background star). We conclude that the three suspected second overtone candidates are fundamental (HV 1353) and first overtone (HV 1777, HV 1779) mode pulsators. HV 1763, whose nature was previously unknown, resulted to be a short-period Cepheid pulsating in the first overtone mode.
